It is shown that the delay value depends on a model of the Universe. We conclude that to discern a model of the Universe measurement accuracy of parameter ∆t/∆E γ should be better than 10 −5 s/MeV .
Recently a hypothesis was suggested that global Lorentz invariance is only an approximate symmetry of nature and may be broken for elementary particles participating in various physical interactions in case of high enough energy of the particle (Amelino-Camelia et al 1998, Coleman and Glashow 1999, Stecker and Glashow 2001) . As the process of this type we consider a mechanism of generation of Lorentz-noninvariant space-time metrics components caused by quantum fluctuations . The microscopic quantum fluctuations, which may occur on scale sizes of order the Planck length l pl ∼ 10 −33 cm , have affected fundamentally the large-scale space-time structure at the early stages of the universe creation (Hawking et al) and have caused, in particular, the universe birth from vacuum and the stage of quantum inflation (Vertogradova and Grishkan 2000) . But now the same fluctuations also exists and may have an influence on the rays of light propagating through the space-time. Indeed as it is shown by Ellis et al (1998 Ellis et al ( , 2000a ) the fluctuations, constituting the so-called space-time foam, transform macroscopic properties of space-time metrics and generate non-diagonal components of the metrics g 0α , so that
Here Greek letters have values α, β = 1, 2, 3 , c is the velocity of light constant. As a result, the whole space-time is rotated at a velocity proportional to u α /c ≪ 1 . A vector of rotation velocity u α breaks global Lorentz invariance (Coleman and Glashow 1999) and thus transforms dispersion properties of light waves propagating through the space-time
where E = ω is the photon energy of frequency ω , u is the absolute value of the vector u α . The quantum-gravity theory, particularly the space-time foam theory (Ellis et al 2000a) , predicts the ratio of velocities appearing in (1) is proportional to the ratio of the photon energy E to effective quantum-gravity energy scale
Consequently the delay in the arrival times of photons of different energies and hence velocities propogating in the space-time foam from distant source of radiation is estimated
where L is a source distance, ∆E γ is the difference of energies of detected photons.
As the radiation from distant sources propagates through the space-time foam there must be the delay in the arrival times of photons depending on the photon energy. If we succeed in measuring this delay we will be able to test quantum-gravity ideas. Moreover it is the constant M QG that characterize the energy scale of the effects of quantum gravity.
Therefore it will be possible to estimate the quantum-gravity energy scale M QG in the following way
It is worth noting that the ratio E/M QG is negligible. The time delay effect may be observable only for cosmological distances. It is also clear that the higher the energy of radiation the better. Therefore γ -ray bursts sources of extragalactic origin are considered (3), (4) may be realized for certain model of the universe. In this way theoretical calculation of the time delay is universe-model dependent. The approach described above implies that the photons of different energies are radiated by the source of γ -ray burst at the same time and the photons time delay is the effect of quantum gravity and is not caused by processes inside the source of radiation.
Time delay-redshift diagram -theoretical calculation
We obtain here the time delay value of radiation in the expanding universe in terms of the cosmic vacuum model (Chernin 2001) . The exact first integral of Einstein's equation for this model is
where a(t) is the scale factor of the universe, k = 0, ±1 is the space curvature sign (it corresponds to flat, closed and open universe). The derivative in equation (5) is the constant of radiation of all types, a 0 is the current value of the scale factor of the universe (which is calculated for flat model of Friedmann type a 0 ≃ t 0 c ) and the current age of the universe is t 0 ∼ 2.8 × 10 17 s ∼ 10 Gyr . The model of Friedmann type means here matter-dominated epoch of the universe evolution.
Within the framework of model under discussion the value of the space curvature sign k is usually ignored because the sign have not significant influence on the fate of the cosmic expansion and hence on the dynamics of observable cosmological objects. We will show however that the influence is very important for the precise effect of time delay. Therefore the k value will not be neglected below. We consider here the values k = 0 (flat model of cosmic vacuum) and k = −1 (open model of cosmic vacuum). As regards the closed model k = 1 , theoretical interpretation of time delay effect for this model is difficult for many reasons.
We consider baryon-vacuum epoch of the universe evolution. The scale factor during
, so the constant of radiation A R in equation (5) is appropriate to be neglected. Therefore we can find the time t for given value of the scale factor a in the form
where a 1 = 2 (A D + A B ) . Besides the analytical solution in terms of primitive functions is obtained for k = 0
The scale factor dependence in (6), (7) can be parametrized by the redshift z according to standard formula a/a 0 = 1/(1 + z) . As a result the integral in equation (6), for example, takes the form
Taking into account expressions (1)- (3) and (8) we obtain the time delay of radiation from distant source ∆t in the form
Here we have taken into consideration the fact that the photon energy varies during the process of the Universe evolution depending on the redshift as E = E γ (1 + z) .
Up to a constant the asymptotic form of time delay formula (9) for high-redshift objects z → ∞ is in agreement with appropriate expression obtained by Ellis et al (2000b) . 
Conclusions and prospects
We believe that analysis of more statistically significant number of γ -ray bursts in the future with measured redshifts and delays in the arrival times of photons of different energies will allow us to realize theory-experiment comparison more effectively. When this reliable data appear it will be possiable to test quantum-gravity effects, select cosmological models of different topology of embedded three-dimensional space ( k = 0, −1, 1 ) and obtain more precise values of the approximatly known Friedmann's integrals, particularly the integral A V . For the time being we can only use the available experimental data (Ellis et al. 2000b) and estimate the quantum-gravity energy scale as
In the case of M QG ∼ M pl ∼ 10 19 GeV we conclude that for the investigation of effects of delays in the arrival times of photons from cosmological γ -ray burst sources measurement accuracy of ratio ∆t/∆E γ should be better than ∼ 10 −5 s/MeV .
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